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Technir.1 UirfH J ^ , 

THe presem invention relates to a stent having axial flexibility and residence in its 

expanded form. 

Background Art 
A stent is commonly used as a tubular structure left inside the lumen of a due, to rebeve 
an obstiuctioa Commonly, stents are inserted into the Utmen in a non expanded form and are 
then expanded autonomously (Titan e, al. (1994) U.S. Paten, No. 5,356,423, or with the aid of 
a device * Although a number of designs have been reported, these designs have 
suffered from a number of .imitations. These inciude; restrictions on the dimension of the stent 
(Cardon e, a. ,995 U.S. Paten. No 5,3 8 3, 8 92). Cardon e, a,, describes a stem , ha, has rigid 
ends (8mm) and a flexibie median par, of 7-2 lmra . This device is formed of multiple parts and 
. no, continuous* flexible along the longitudinal axis. Another stem design ,hat has rigid 
segment, and flexible segmeMs has been described by Pinchasik e, al. US Pa,em 5,449,373 

Omer stems are described as longitudinally flexible (Lau et al.(1995) V S Patem No 
5,421,955 also EP application 540290 A2, A3) hut consist of a plunrfhy of cylindrical etemems 
connected by flexible members. This design has a, leas, one importan, di.dvan.age for 
example, according .o this design, prodding edges occw when .he stem is flexed around a 
curve raising me possibility of inadvertent Mention of d» s,en, on plaoue deposited on arterial 
wa«, Ttas may cause the stent ,„ embolic or move ou, of position and further cause damage 
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to the interior lining of healthy vessels, (see Figure 1(a) below) 

Thus, stents known in the art, which may be expanded by balloon ansioolastv 
compromise axial flexibility to n^it angioplasty, generally 

exibUity to permit expanse and provide overall structural integrity. 

Summary nfn, e I„ wnt j nn 
The present invention overcomK m 

Previctag a stent with axial flexibility In a preferred a™,™,- u V 
second end with an intend , ""bootme*, the sttnt has a first end and a 

longitudW I J ^ "» *-» ^ ™» — has a 

° me oands in a tubular structure In a fiirth^ — u 
logons, by a short circurnferenrial link to an adjacent band Th. w ^ 

In particular, a, each one of a first group of ^ 
—a, « between each of a a* set of adjacent pairs of bands " 

of the te and J^Z " ' ^ ^ " «"* 

-eac^hrrd^rfiTT"^^ 0 ^-^ 

- wave in the Mediate secnon IT^ ".T" ^ ~ U " 
fluency of the bands in the firs. Id . ** '" Vemi0n - S ^ 

"« m the mtermedtate secfon. The fire, end region may be 
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*. second end re9 o„ fe between ^ ^ ^ ctal ^~ 
Coses, ,„ the second end. The widths of corresponding secuons of .he bands to^ 
measured to a cir^erentia direct, a. greater to the to and ^ J££ 

than in the intermediate section Each hand .„,* a ^ 

1 E - acn oand includes a terminus at «nr»h n r*u~ c ^ 

a. a taher embodtaen, of the invert, a stem is provided that has to and second 

-.~zi:~zzzzz.~ 

g aecreased m a first end region lying proximate to the first end and in . 
-nde^^on^p^.^^^^^ «^ 

*e wave « the Mediate seohon, and a piuraii* of ^ for maill J v ^ ~ * 
tubuiar «. The fa, and second regions have been f^er defined as Z Z^L u 



ba ^^«toem A ew<d te of tt esecd„ m ofU 1 e bands, measured to a 
oraunfbrentia! direction are neater in .„. « _ J measured in a 

^ n, are greater* the to and second end regions than to the intermedia* 



Brief Dwrrintinn „«■«.. r.- 1rT j n[1 
^ -P— mention win be more readfly ^ 

the foliowmg defctied description, ta.en ^ the accompanying drawings, to which 
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bent Potions respectively the latter ch«, ■ 
protruding edges. showing 

Rg. 2 is a side view of a portion of the stem of m md IM1 . . u 

- deformed^ m - °» - ™>n, in 

banding pattern. " or ^ and the characteristic 

Fig. 5 is an isometric view rf . deflection p|ot ^ 
larger diameter of 5mm. expanded to a 

lor^tudinaUUrectore. ' stratn, g the spring-like action provided in circumferential and 

the ienlT, 7 T 3 ""° di " ,enSi ° n ' ,i ° f ~- ^ •* - modified such tha, 

ZT ^ 1 ^ ^ *- - «» °^ me band A i^ 

than the width of band B greater 

PettiM l»»rrintion of W^. 

consistent and continuous contact rt'ZlZ ^^^^** 

~. p- w reir: 0 wau; (c) avoi r of 

lg restrictions on maximum length of 
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*«; and Auction of ^ effea ^ ^ ^ 

^ a ^^z^ i r em l ° r ^ ~ - <*— stent is p^ 

happens to a stmt - „ . p figure 1 shows what 

encoum^^,,^^ Astatt ^ d . t ° , 7 d,nan,a ^ ttotis ^ 
0) expelences „ eflto anafcgo., jf^T "* " 

0- proceeds a*™* the „ J As the row of box 

aesign of the embodiment shown in Figs 1 (c) and l rd\ a rr 
which the bands (3) are axialk, fl« u, J ( J 1 (d) and F «u« 7 in 

the curve of the stent F„ rt h Protrude from the profile of 

^°™-^ndh* oa nd sinac ^^ ™* 

of .he interred** sectfoa (Lb and B>. Cher ntodtfca*™ « ^1 " 
increase the tMekn^ of fc -™"*»«l.«f*.-«»aytata b 

modfflcaaons protect the,., „ d ««>PO«*»g TTese 

^du^zToi^rr^r^^ 0 ^™^^^-- 

^endsoLs.rr^t^r^^^^- 0 ^- 
P-ac to the bodv ^ *° m ° re """^ ,Matt < h ° «- — * * in 
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The embodiment as shown in Fies 2 anrf hoc *u 
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vessels in the body with reduced fiiction and to expand at the selected site in 

r :/.r^:i~u— 

TTk aligned bands on the longitudinal axis are connected a, . „l b. , 
^ bv a short cireurrterential „,* to a,, ^ Z ^Jl V* " ^ 

X-X is no, l^ed a, V-Y and vicTve^ The X X T T ^ 

axia! position z Z In „e„ , I * > "'""" "I— « *• """on 

postion Z-Z. In general, ftere „ ^ ^ ^ rf 

•he a^a, posntons of any one group ^ ^ ^ ^ ' 

W — . along the .ongHudina, axis of the embodi™! b ^££2 
spnng 5 and toe longitudinal spring 6 are provided. «rcunrferen»al 

A feature of the expamion even, is tha, the pattern of open space in the stem of the 

In particular, in a preferred embodiment the natter, „f ^expansion. 

c me pattern of open space on the stent fwx™ 
expansion is serpentine whereas a fW™ ■ u ^ on tne stent before 

3b) m~** ' eXPanS10n - ^ P attem Caches a diamond shape (3a, 

3b). In embodiments of the invention, expansion may be achieved using pressureTm ^ 
expanding balloon or by other mechanical means 

straightrZTerTt 0 ^^^ 8 ^ds tend to become 

^^^^T"^ become ^ Md ^ ^ d 

- open UP I a .amid ship T^^T ^ ^ ~ ^ ^ 

nape with maximum stress being expended on the apices of the 
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diamond along the longitude axis. When finite element analyses including strain studies were 
performed on the stent, it was found that maximum strain was experienced on the bands and 
links and was below the maximum identified as necessary to maintain structural integrity 

The optimization of strain and "pop" pressure of the stent is achieved by creating as 
large a turn radius as possible in the wave associated with each band in the non-expanded stent 
while preserving a sufficient number of bands and links to preserve the structural integrity of the 
stent after expansioa The number of bands and the spatial frequency of the wave they describe 
on the longitudinal axis also affects the number of circumferential links. The circumferential 
hnks contnbute structural integrity during application of radial force used in expansion of the 
stent and in the maintenance of the expanded form. 

The stent may be fabricated from many methods. For example, the stent may be 
fabncated from a hollow or formed stainless steel tube that may be cut out using laser, electric 
discharge milling (EDM), chemical etching or other means. The stent is inserted into me body 
and placed at the desired site in an unexpanded form. In a preferred embodiment, expansion of 
the stent is effected in a blood vessel by means of a balloon catheter, where the final diameter of 
the stent is a function of the diameter of the balloon catheter used. 

In contrast to stents of the prior art, the stent of the invention can be made at any 
deseed length, most preferably at a nominal 30mm length that can be extended or diminished by 
increments, for example 1 9mm increments. 

It will be appreciated that a stent in accordance with the present invention may be 
embodied in a shape memory material, including, for example, an appropriate alloy of nickel 
and titanium, or stainless steel. In this embodiment after the stent has been formed, it may be 
compressed so as to occupy a space sufficiently small as to permit its insertion in a blood vessel 
or other tissue by insertion means, wherein the insertion means include a suitable catheter or 
flexible rod. On emerging from the catheter, the stent may be configured to expand into 'the 
desired configuration where the expansion is automatic or triggered by a change in pressure, 
temperature or electrical stimulation. 
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,he rtgesnve tube, and «he tubes of the reductive ^em in both men and vvonT^ 



